ABSTRACT-Sepsis develops as a result of the host response to infection, and its mortality rate in ICU remains high. Severe inflammation usually causes overproductions of proinflammatory cytokines, i.e., TNF-! and reactive oxygen species, which lead to mitochondrial damage and energetic depletion. Autophagy is a survival mechanism for eukaryote to recycle intracellular nutrients and maintain energy homeostasis. We hypothesize that autophagy plays a beneficial role in the pathogenesis of organ failure during sepsis. A rat model of cecal ligation and puncture (CLP) that simulate peritonitis-induced sepsis was used, and indicators for liver dysfunction, serum glutamic oxaloacetic, serum glutamic pyruvic, alkaline phosphatase, and bilirubin were measured. Levels of LC3-II and LC3 aggregation were quantified by Western blot analysis and by immunohistochemistry, respectively. The tissue localization of autophagy was identified by immunohistochemistry and transmission electron microscopy. Our results showed that (a) increase in LC3-II level in liver tissue occurs at 3 h, peaks at 6 h, and then surprisingly declines quickly until 18 h after CLP (CLP 18h ); (b) significant hepatic dysfunction was observed at CLP 18h ; (c) ratio of LC3 aggregation is significantly higher in hepatocytes than in Kupffer cells, and (d) loss of Atg7, an essential gene for autophagosome formation, exaggerates the TNF-!Yinduced cell death, depletion of ATP, and decrease of albumin production in hepatocytes. These results indicate that autophagy occurs transiently in hepatocytes at early stage, and the decline in autophagy at late stage may contribute to the functional failure in liver during polymicrobial sepsis.
INTRODUCTION
Sepsis develops as a result of the host response to severe infection (1, 2) . In recent years, a growing body of evidence suggests that liver failure develops during sepsis mainly as a consequence of mitochondrial dysfunction and cellular energy depletion (3) . However, the role of endogenous survival response such as autophagy, which is an intracellular protein quality control system (4, 5) and is also an adaptive response to combat critical illness, has yet to be deciphered in detail at the in vivo level. It is essential to delineate the role of autophagy in response to septic insult for establishing therapeutic interventions for prevention of hepatic failure during sepsis.
Sepsis is characterized by systematic inflammation where secretion of proinflammatory cytokines (i.e., TNF-!) and subsequent overproduction of reactive oxygen species (ROS) lead to mitochondrial damage (6, 7) . Treatment of MitoQ, an antioxidant selectively targeted at mitochondria, protects against organ damage after LPS treatment (8) , implying the contribution of mitochondrial ROS overproduction to organ failure. Simultaneously, oxidative stress and mitochondrial injury trigger macroautophagy (9, 10) , one of three types of mammalian autophagy (11) . Macroautophagy (hereafter referred to as autophagy) sequesters whole organelles or portions of cytoplasm into autophagic vacuoles (autophagosomes) that fuse with lysosomes and undergo degradation. Autophagy in liver is important for the balance of energy and nutrients, removal of misfolded proteins, and turnover of major subcellular organelles (12) . In general, autophagy promotes survival by removing unwanted cellular substances and by providing nutrients during starvation. It could, however, also contribute to cell death if the process is deregulated (12, 13) . When cells need to rid themselves of damaged cytoplasmic components or to eliminate damaged organelles, autophagy is rapidly upregulated (14) . However, little is known about the role of autophagy specifically in hepatic failure during sepsis.
Recent report showed that autophagic vacuolization increases and is associated with mitochondrial injury in the liver of septic patient (15) . Furthermore, administration of LPS, a major component of bacterial outer walls, leads to liver injury associated with an increase in autophagy (16) . Given that autophagy is a cellular response to stress, we propose that autophagy would play a beneficial role in hepatic failure during sepsis. Although what determines whether autophagy will be harmful or protective to the cell remains unknown, the level andduration of autophagy may play a critical role in maintaining organ functional homeostasis. Therefore, time-course changes of autophagy and hepatic function in vivo were observed to decipher whether sustained accumulation of autophagy results in hepatic failure, or a transient adaptive autophagy fails to protect the liver from septic damage. Loss of autophagic function attributed to siRNA of Atg7, an essential gene for autophagosome formation, was used to examine the role of autophagy in TNF-!Yinduced hepatocyte dysfunction. We found
Western blotting
Liver tissues were sampled, homogenized in 400 2L lysis buffer (50 mM Tris acetate [pH 7.4]; 5 mM EDTA) and then centrifuged at 14,000 revolutions per minute for 30 min. Protein concentration of the supernatant was determined by protein assay kit (Bio-Rad Corp, Hercules, Calif). For LC3-II detection, equal amounts (40 2g) of protein from each sample were separated by 15% sodium dodecyl sulfate (SDS)Ypolyacrylamide gel electrophoresis and transferred onto a polyvinylidene difluoride membrane (NEN Life Science Products, Boston, Mass). The membranes were incubated with t-TBS containing 5% nonfat milk before incubation with primary rabbit anti-LC3B antibody (Sigma, St. Louis, Mo) at 1,000Â dilution followed by secondary goat antiYrabbit IgG (Santa Cruz, San Francisco, Calif ) at 1,000Â dilution to recognize the primary antibody. For the detection of Atg7, equal amounts (20 2g) of protein from each sample were separated by 9% SDS gel electrophoresis and transferred to polyvinylidene difluoride membrane. The membranes were incubated with primary mouse anti Atg7 antibody (Biosensis, Thebarton, South Australia) at 1,000Â dilution. Then, secondary goat antiYrabbit IgG (Santa Cruz) at 5,000Â dilution was utilized to recognize the primary antibody. "-Actin was used as a sample loading control. After incubation, the membranes were developed by enhanced chemiluminescence (PerkinElmer Life and Analytical Science, Boston, Mass) and subsequently exposed to x-ray film (Fuji, Tokyo, Japan).
Immunohistochemistry
Rats were anesthetized with pentobarbital (35 mg/kg body weight, i.p.) and perfusion with 0.9% normal saline through the left ventricle. Rat liver was removed immediately and fixed by 4% paraformaldehyde for 24 h, then immersed in 30% sucrose solution for 24 h, and embedded in frozen tissue matrix (optimal cutting temperature; Sakura Finetek USA, Inc, Torrance, Calif ). Optimal cutting temperatureYembedded tissues were sectioned in 5-2m thickness. The frozen sections were briefly rinsed in 0.1 M phosphate-buffered saline (PBS) and subsequently incubated with 3% H 2 O 2 solution in methanol for 15 min to quench endogenous peroxidase activity. Subsequently, these sections were incubated with blocking solution containing 1% bovine serum albumin (Sigma Chemical Co, St. Louis, Mo), 10% normal goat serum (Jackson ImmunoResearch Laboratories, Inc, West Grove, Pa) and 1% Triton X-100 for 1 h at room temperature. Then, sections were incubated with anti-LC3B antibody (Sigma-Aldrich, St. Louis, Mo) 1:50 dilution at room temperature for 2 h followed by incubation at 4-C overnight. After having been washed three times with 0.1 M PBS containing 0.5% Triton X-100 for 10 min each time, the sections were incubated with fluorescein isothiocyanate (FITC)Yconjugated AffiniPure goat antiYrabbit IgG 1:500 dilution (Jackson ImmunoResearch Laboratories, Inc) or with rhodamine-conjugated AffiniPure goat antiYrabbit IgG (Jackson ImmunoResearch Laboratories, Inc) for 1 h at room temperature. Then, sections were mounted with fluorescent mounting medium (Dako Cytomation, Carpinteria, Calif ) after washing. Images were acquired using a fluorescence microscope (Zeiss AxioVert 200M; Carl Zeiss MicroImaging GmbH, Jena, Germany) equipped with a computer-controlled mechanical stage and a CoolSNAP EZ Camera (Roper Scientific GmbH Germany, Munich, Germany). Image acquisition was controlled by RSImage (Photometrics, Tucson, Ariz) and Image J (National Institutes of Health) software.
Biochemical measurements of liver functions
Blood samples were collected from tail vein at 6, 9, and 18 h after CLP. The serum levels of serum glutamic oxaloacetic (SGOT), serum glutamic pyruvic (SGPT), alkaline phosphatase (ALP), total bilirubin (TBIL), and direct bilirubin (DBIL) were measured to monitor the hepatic function. Levels of SGOT and SGPT were estimated by a colorimetric kit, following the manufacturer's protocol. Briefly, a 20-2L serum was added to the reaction solution. The resultant reaction mixture was incubated at 37-C for 30 min (SGPT) or 60 min (SGOT), and the absorbance of the solution was determined at 505 nm using a microplate reader. Total bilirubin or DBIL concentration was measured by an end-point diazo method. In the reaction, the bilirubin reacts with diazo reagent in the presence of caffeine, benzoate, and acetate as accelerators to form azobilirubin. Direct bilirubin concentration was also estimated by an end-point diazo method. In the reaction, DBIL combines with diazo to form azobilirubin. The system monitors the change in absorbance at 520 nm. The change in absorbance is directly proportional to the concentration of bilirubin in the sample. The concentrations of TBIL, DBIL, and ALP were determined by Beckman Synchron LX20 System (Beckman-Coulter, Fullerton, Calif ).
Transmission electron microscopy
Liver tissues were sampled from rats at 6 h after CLP, dissected into 1-mm 3 pieces, and then immersed in a fresh 2% paraformaldehyde plus 2.5% glutaraldehyde in 0.1 M PBS overnight. Then, the tissues were fixed with 2% osmium tetroxide at 4-C for 90 min and dehydrated by graded percentage of alcohol (50%, 75%, 85%, 95%, and 100%). The tissue block was then embedded in Epon (Sigma-Aldrich, St. Louis, Mo). Ultrathin sections (70 nm) were prepared with an automatic ultramicrotome (Reichert Ultracut E, Vienna, Austria) using a diamond knife and then stained with uranyl acetate and lead citrate solutions. Sections were collected on nickel grids (200 mesh) and examined by transmission electron microscope (JEM2000 EXII; Jeol Ltd, Tokyo, Japan).
Isolation of Kupffer cells and hepatocytes
To isolate Kupffer cells and hepatocytes, rats were anaesthetized and killed at 6 h after sham operation or CLP. Kupffer cells and hepatocytes were isolated as described elsewhere (18), with slight modification. Briefly, the portal vein was cannulated following a midline incision, and the inferior vena cava was severed. The liver was immediately perfused in situ with approximately 120 to 150 mL of Hanks balanced salt solution (HBSS; contained 0.05% EDTA, without calcium and magnesium, at 37-C, and continuously gassed with O 2 /CO 2 [19:1] ) at a rate of approximately 10 to 12 mL/min. This was followed by perfusion of approximately 100 mL of HBSS containing 0.05% collagenase type IV (#C0130 or #Ct183, 100 U/mL; Sigma) at 37-C. The liver tissue was minced in a Petri dish containing HBSS and centrifuged (600 revolutions per minute, 10 min, at 4-C); above procedure was repeated three times to sediment hepatocytes. The cell pellets were then resuspended (5 Â 10 5 /mL) in HBSS and further purified with 50% Percoll (Sigma-Aldrich). Cell viability was greater than 90% as determined by trypan blue exclusion test. The nonYparenchymal cellYenriched supernatant was centrifuged at 800g for 10 min; the pellet was resuspended in 40 mL of PBS. The supernatant enriched with Kupffer cells was diluted in PBS and centrifuged at 800g for 10 min. The resulting pellet was resuspended in culture medium (RPMI 1640 with 10% fetal calf serum) at a concentration of 1.0 Â 10 6 cells/mL. Kupffer cells were selected by allowing them to adhere for 2 h at 37-C in an atmosphere with 50 mL/L CO 2 . After removing nonadherent cells by gentle washing, adherent cells were incubated in RPMI 1640. More than 95% of adherent cells were esterase-positive.
After isolation, the cells were fixed by 4% paraformaldehyde for 5 min and were attached on the slide by using cytospin at 1,500 revolutions per minute for 5 min. Before immunostaining, the cells were air dried for 2 h, rinsed by 0.1 M PBS, and then incubated with 0.3% H 2 O 2 in methanol for 15 min to quench the endogenous autofluorescence and incubated with 10% normal gout serum (mixed with 1% bovine serum albumin and 1% Triton X-100) at room temperature for 30 min to block the nonspecific binding. Then, the cells were incubated with LC3B antibody at 4-C (1:100) overnight, followed by incubation with second antibody (goat antiYrabbit FITC; Jackson ImmunoResearch Laboratories, Inc) at room temperature for another 1 h. The images of immunocytochemistry were acquired on an OlymPus IX71 confocal laser scanning system (Olympus Corp., Tokyo, Japan) using a 100Â immersion objective or were examined under the 63Â oil-immersion objective lens of a Zeiss AxioVert 200M fluorescence microscope (Carl Zeiss MicroImaging GmbH).
Transfection of Atg7 siRNA
Before transfection, 2 Â 10 6 rat hepatocytes were seeded in a 6-cm dish for 24 h and then transfected with 100 nM Atg7 siRNA using transfection reagent (Dharmacon, Lafayette, Colo). The Atg7-targeting sense sequence contains four duplexes: 3 ¶CAAAGUUAACAGUCGGUGUUU5 ¶, 5 ¶PACACC GACUGUUAACUUUGUU3 ¶; 3 ¶AGUGAAUGCCAGCGGGUUCUU5 ¶, 5 ¶PG AACCCGUGGCAUUCACUUU3 ¶; 3 ¶GUGGAGGAACUCAUCGAUAUU5 ¶, 5 ¶PUAUCGAUGAGUUCCUCCAGUU3 ¶; and 3 ¶CCCAGAAGAAGUUGAA GGAUU5 ¶, 5 ¶PUCGUUCAACUUCUUCUGGGUU3 ¶ (NM_001012097), which were synthesized by Dharmacon. Nontargeted siRNA provided by Dharmacon was used as a negative control. Six hours after siRNA treatment, the medium containing transfection reagent was replaced with complete medium and recovered for 48 h. Then, the hepatocytes were harvested and lysed by adding lysis buffer (150 mM NaCl, 50 mM Tris-base [pH 7.5], 5 mM EDTA, 50 mM NaF, 0.1 mM sodium orthovanadate, 1% Triton X-100, and complete protease inhibitor mixture [Roche Applied Science, Indianapolis, Ind]). The protein levels of Atg7 and LC3-II were examined by Western blot analysis using 9% and 15% SDSYpolyacrylamide gel electrophoresis, respectively, to confirm the knockdown efficiency of Atg7 siRNA.
Treatment of TNF-!
Hepatocytes at a concentration of 2 Â 10 6 cells/mL were pretreated with 400 nM Act-D (Boehringer Mannheim, Mannheim, Germany) for 30 min in F-12K medium containing 2.5% fetal bovine serum. Then, they were incubated with 2 ng/mL recombinant TNF-! (Biosource, San Francisco, Calif ) for 14 h to assess the effect of TNF-! exposure on ATP content, albumin production, and survival rate of hepatocytes (19) .
Assay of ATP content
The ATP content in hepatocytes was measured using the ATPlite luminescence ATP detection assay system (PerkinElmer Life and Analytical Science) according to the manufacturer's instructions. In brief, hepatocytes were seeded in a 96-well culture plate at 2 Â 10 3 cells/100 2L. After TNF-! treatment for 14 h, 50-2L cell lysis solution (Sigma) was added and shaken for 5 min to lyse the hepatocytes. Then, 50 2L of substrate (luciferase/lucerin) was added and shaken for another 5 min. The luminescence was then detected by plate chameleon (Chidex Ltd, Turku, Finland), and the ATP content in hepatocytes was estimated according to the standard curve.
Measurement of albumin production from hepatocytes
We used the AssayMax rat albumin enzyme-linked immunosorbent assay kit (AssayPro, Charles, Mo) to measure the level of albumin in the medium of cultured hepatocytes. In brief, 50-2L standard or sample was added into the well of the enzyme-linked immunosorbent assay kit. The wells were covered with a sealing tape, incubated for 1 h at room temperature, and washed five times with 200-2L wash buffer. Then, 50 2L of biotinylated rat albumin antibody was added to each well, incubated for 30 min, and washed five times with 200-2L wash buffer. Again, 50 2L of streptavidin-peroxidase conjugate was added to each well, incubated for 30 min, and washed five times with 200-2L wash buffer. Finally, 50 2L of chromogen substrate was added per well and incubated for 7 min, and 50-2L stop solution was added to each well. After all of the steps, the absorbance was immediately read on a microplate reader at a wavelength of 450 nm. Then, the optical density value was measured, and the concentration of albumin was extrapolated from standard curve.
Cell viability
Hepatocytes were trypsinized at 14 h after TNF-! treatment by incubation with trypsin-EDTA (Gibco, Langley, Okla) at 37-C for 5 min. Viability of the cells was determined by trypan blue exclusion test using hemocytometer.
Statistics
Data of experimental and control groups were evaluated statistically by one-way ANOVA followed by Scheffé post hoc test. Difference at P G 0.05 is considered significant.
RESULTS

Early transient elevation followed by suppression of autophagy in the rat liver after CLP
To understand the time-course change of autophagy in liver, a high-energyYdemanding organ, during sepsis, we used the rat model of CLP that simulates human peritonitis-induced sepsis to study the possible role of autophagy in sepsis. The liver tissue was sampled at 3, 6, 9, and 18 h after CLP. An autophagosomespecific marker, conversion of LC3-I to LC3-II, was quantified by Western blot analysis, and the amount of LC3 aggregation was quantified under fluorescence microscope after immunohistochemical staining. The results showed that the basal level of LC3-II was low, and after CLP, the LC3-II protein level was transiently increased at 3 h (P G 0.05), peaked at 6 h (P G 0.05), but declined from 9 h until 18 h (Fig. 1A) . The quantitative results of LC3-II aggregation in liver sections (Fig. 1B) showed similar trends as the immunoblot in the homogenate of liver tissue. In the sham group, most of the LC3-positive green color was distributed in the cytosol in a smeared manner, which indicates uncleaved LC3-I pervades in cytosol, as shown in the upper panel of Figure 1B . In CLP groups, the number of the bright green dots, which indicates LC3 lipidation/aggregation in autophagosomes, as the arrow indicated, was significantly increased at 6 h after CLP (P G 0.01), whereas the number of LC3 aggregation dots was significantly decreased at 9 and 18 h after CLP. 
Hepatic dysfunction occurred at late stage of sepsis
To study the time-course relationship between autophagy and liver dysfunction, we checked the indexes of liver dysfunction at 6, 9, and 18 h after CLP. The result showed significant elevations of SGOT ( Fig. 2A), SGPT (Fig. 2B), ALP (Fig. 2C) , and both TBILand DBIL (Fig. 2D ) at 18 h after CLP.
Autophagy occurred primarily in hepatocytes during sepsis
To delineate the major cell type in liver tissue where autophagy occurred during sepsis, we examined the liver tissue at 6 h after CLP by confocal microscope and electron microscope. As Figure 3A shows, the large-size nuclei stained by DAPI (blue color), as the arrowhead indicated, are hepatocytes. Only few green LC3 aggregation dots were observed in liver tissue of the sham group, whereas more LC3 aggregation dots around the nucleus of hepatocyte were observed in liver tissue of CLP 6h group. The hepatic ultrastructure showed intact mitochondria in the hepatocyte of the sham-operated group, as shown in the left panel of Figure 3B , whereas some swelling mitochondria engulfed by double-membrane autophagosome were observed in the hepatocytes of the CLP 6h group, as shown in the second picture in Figure 3B . In Kupffer cells, the whole cell was almost occupied by the nucleus, as shown in the third picture of Figure 3B . Fewer mitochondria were found, and no autophagosome-like structure was observed in Kupffer cells, as shown in the fourth picture of Figure 3B .
For further quantification of autophagy, we isolated both hepatocytes and Kupffer cells from the liver of septic rat at CLP 6h and quantified the percentage of LC3 aggregationY positive cells after immunofluorescence staining using LC3B antibody. The results showed that, in hepatocytes, the autophagic incidence of the CLP 6h group (61%) was significantly higher than that of sham group (28%) (P G 0.01). In Kupffer cells, only 6% of LC3-II aggregationYpositive cells occurred in the sham group, and the autophagic incidence was increased by 6% (P G 0.05) in CLP 6h group.
Loss of autophagy exaggerates TNF-!Yinduced dysfunction in hepatocytes
To elucidate whether the decline in autophagy plays a harmful role in the late stage of sepsis, Atg7 siRNA was used to suppress autophagosome formation. Nontargeted siRNA   FIG. 2 . Hepatic dysfunction occurred at the late stage of sepsis. A, SGOT. B, SGPT. C, ALP. D, TBIL (blank column) and DBIL (hatch column). Cecal ligation and puncture were performed to induce peritonitis and subsequent sepsis. Serum was sampled at 6, 9, and 18 h after CLP. Data are shown as mean T SD of 6 rats. **P G 0.01.
FIG. 3.
High level of the autophagy was observed in hepatocytes after CLP. A, LC3-II aggregation in the septic liver. The liver tissue was sampled at 6 h after CLP (CLP 6h ). Nuclear DNA was stained by DAPI. LC3-II aggregation was identified as a marker for autophagy under confocal microscope after staining with LC3B antibody followed by second antibody conjugated with FITC. The large-size nuclei stained by DAPI (blue color) indicated by arrowhead are hepatocytes. Bright green spots around the nucleus indicated by arrows represent LC3 aggregation (magnification Â600). B, The ultrastructure of septic liver. Ultrastructure was examined under transmission electron microscope. The left and right panels show the ultrastructures of hepatocyte and Kupffer cell, respectively. Arrows indicate the damaged or swelling mitochrondria, which were engulfed by double-membrane phagophore, in hepatocytes (magnification Â20,000). C, Autophagic ratio in hepatocytes or Kupffer cells derived from septic rats. Both hepatocytes and Kupffer cells were isolated from the liver of septic rat at 6 h after CLP (CLP 6h ) and were adhered on a cover slip by cytospin and then stained by LC3B antibody followed by second antibody conjugated with rhodamine (red color shown in the upper panel). The bright-field images in the second row of the upper panel show the morphology of hepatocytes (left two images) or Kupffer cells (right two images) under phase contrast microscope. The cell contains more than three red spots counted as autophagy-positive cell. The autophagic ratio was expressed as the number of autophagy-positive cells divided by total number of cells. Ten fields per sample were randomly selected for counting. The quantitative data shown in the lower panel are expressed as mean T SD of seven samples, *P G 0.05, **P G 0.01 (magnification Â400).
was used as a negative control. Exposure to TNF-! simulates the in vivo proinflammatory cytokine milieu during sepsis. Three functional indexes (ATP content, albumin production, and cell survival rate) of hepatocytes were compared between Atg7 knockdown group and nontargeted siRNA group. The results showed that TNF-! exposure significantly decreases ATP content and albumin production as well as the survival rate of hepatocytes. Loss of autophagy by knockdown Atg7 using siRNA significantly exaggerates the TNF-!Yinduced dysfunction of hepatocytes, as shown in Figure 4 .
DISCUSSION
This study aims to examine the role of autophagy in hepatic failure due to polymicrobial sepsis induced by CLP that simulates human peritonitis. In response to septic insult, a transient increase in the level of autophagy in liver, particularly hepatocytes, was observed. However, this transient increase of autophagy declined at CLP 9h until the late stage (CLP 18h ) of sepsis, which was associated with hepatic failure. Specific knockdown of Atg7 exaggerates the TNF-!Yinduced hepatocyte dysfunction, implying a protective role of autophagy in proinflammatory cytokine-induced liver dysfunction during sepsis. Our findings suggest that the decline in the recycle function of autophagy at late stage may contribute to hepatic failure during sepsis.
Development of organ dysfunction during sepsis is due at least in part to excessive secretion TNF-! and oxidative damage to mitochondria (8, 20Y22) . Autophagy is an intracellular survival mechanism that is rapidly upregulated during cellular stress, such as oxidative stress or mitochondrial damage. In liver, autophagy is important for the balance of energy and nutrients for cell functions, the removal of misfolded proteins, the resistance to oxidative stress (23) , and the turnover of mitochondria under both normal and pathophysiological conditions (12) . In general, autophagy-mediated elimination of damaged organelles preserves cells from further damage (24) . Previous report also indicated that hepatocyte resistance to injury from oxidative stress is mediated by function of autophagy, and impaired function of autophagy may promote oxidant-induced liver injury via overactivation of JNK signaling pathway that induces cell death (23) . Consequently, the activation of autophagy is crucial to adaptation and survival under extreme conditions. Livers from patients who died of sepsis had significant increases in autophagic vacuolization compared with patients with elective liver biopsies (15) . The findings in the livers of mouse model of sepsis (15) were similar to those of the clinical samples; however, a single time point level of autophagy was difficult to understand the role of autophagy during the progression of sepsis. In the present study, the time-course change of the levels of autophagy during the progression of sepsis in a rat model of CLP was examined. We found that the increase of the conversion of LC3-I to LC3-II in liver tissue occurs at 3 h, peaks at 6 h, and then declines from 9 h until 18 h after CLP. Accordingly, the initial elevation of autophagy may reflect the early host response to oxidative stress and mitochondrial damage caused by septic insult and may play a beneficial role in early stages of sepsis.
The challenge of elucidating the significance of autophagic response during sepsis is to determine whether autophagy prevents or contributes to organ failure at different stages of sepsis. There is an extensive number of studies reporting a harmful role for autophagy in type II programmed cell death or autophagic cell death (13) in human disease. Recent reports show that autophagy can act as both protector and killer of the cell, depending on the stage of the disease, the surrounding cellular environment, or the therapeutic interventions attempted (25) . TNF-!Yinduced oxidative stress has been implicated as a central mechanism of a variety of forms of hepatic injury. Recent report indicated that mitochondrial damage due to TNF-!/ROS elicits late mitochondrial autophagy (26) , and the overall process of autophagy is strongly ATP-dependent (27) . Therefore, ROS, mitochondrial damage, and subsequent ATP depletion due to TNF-! exposure play critical roles in accelerating autophagy. Therefore, we use TNF-! to simulate the in vivo cytokine milieu during sepsis. The result showed that loss of autophagy exaggerates the hepatocytes dysfunction caused by exposure to TNF-! that simulates the in vivo proinflammatory cytokine milieu during sepsis (28) . It implies that the decline in autophagy at late sepsis may cause insufficient recycle function, which contributes to hepatic failure. However, the reason why autophagy declines to basal level from CLP 9h until CLP 18h remains obscure.
Autophagy is a highly regulated process. According to the previous report, the septic insult triggers a rapid activation of transcription factor nuclear factor .B (NF-.B), with a peak occurring 3 h after CLP (29) , and Djavaheri-Mergny et al. (30) indicated that NF-.B activation represses TNF-!Yinduced autophagy. In addition, it has been reported that insulin is a suppressor of autophagy (12, 31) . During sepsis, hyperinsulinemia (32) and insulin resistance (33) were observed in the initial 5 h of rat model of CLP sepsis. The continuous increase in plasma insulin level can presumably inhibit autophagy and will evidently lead to retention of misfolded molecules and cellular dysfunction. Moreover, our previous report showed a bioenergetic failure occurred in the liver during late stage of sepsis (3) . The results of the present study showed that elevation of LC3-II in septic liver occurred at 3 h, peaked at 6 h, and then declined until 18 h. Because the overall process of autophagy is strongly ATP-dependent (27) , early activation of NF-.B and hyperinsulinemia, as well as late bioenergetic failure, may contribute to the suppression of autophagy at late sepsis. However, future studies can explore such possibilities to fully understand how autophagy is suppressed when it is highly needed for providing more recycle function to maintain intracellular energy homeostasis during sepsis.
In conclusion, pathophysiological conditions associated with an impairment of hepatic autophagic function may exaggerate liver dysfunction under oxidative stress due to severe inflammation. Our studies here provide some insights for understanding an important protective role for autophagy in rat model of CLP-induced sepsis. Further elucidation of the underlying mechanism of the suppression of autophagy at late stage of sepsis would shed light on a new approach for combating sepsis-induced hepatic failure.
